Abstract. The author of this article utilizes ANSYS, a finite element analysis software, to build a concrete model that contains randomly distributed basalt fiber on the mesoscopic level with regard to the bond slip between the fiber and concrete interfaces, and simulates the compression test to examine the function of basalt fiber during the process of the concrete sustaining stress, undergoing deformation and cracking as well as the influence of fiber content over stress distribution. The result suggests that, until the plastic deformation begins, the fiber will not share the stress and the influence of fiber content over stress distribution will not become evident; when the concrete begins to crack, the fiber exerts an apparent crack-resistance effect; and the fiber's dispersion effect over the stress concentration of the concrete intensifies along with the increase of fiber content.
Introduction
With the rapid boost of computer's calculation ability, finite element method (FEM) is no longer restricted by the hardware and therefore adopted in the macro-or micro-level analysis and study of various materials. In addition, when used in analyzing the performance of those materials, FEM is not subject to the influence of the testing environment, the size of the specimen, the pouring quality, and other factors, which makes it an effective and efficient research method, an important tool for studying features of materials, and a complement to testing methods. In recent years, some scholars have conducted simulation analyses of a composite, i.e. fiber concrete with the use of FEM. Among them, Wang Jingjing and others have compared the quality, intensity and the development of cracks in the specimen prior to and after a certain amount of polypropylene was mixed into it and, via ANSYS software, carried out a finite element analysis of the changes in the temperature field and thermal stress field of the concrete with water-permeable polypropylene when there was a cold wave. They concluded that improvements in the material can lower the heat transfer coefficient of water-permeable concrete, decrease the thermal stress during a cold wave, and therefore increase the durability of the material. Yu Jiahuan and others have conducted a finite element analysis via ANSYS of concrete with different loads, different length-diameter ratios and evenly distributed steel fiber along the direction of the stress. Their findings suggest that the major function of fiber during the hardening of concrete is to reduce the quantity and scale of plastic cracks and micro-fractures, increase the continuity of the concrete material, and improve the comprehensive performance of the concrete.
The author of this article utilizes ANSYS to build a concrete model that contains randomly distributed basalt fiber on the mesoscopic level with regard to the bond slip between the fiber and concrete interfaces, simulating the compression test to obtain the stress-strain curves of different fiber contents and the stress distribution within the cubic concrete during the compression, and to examine the function of basalt fiber during the process of the concrete sustaining stress, undergoing deformation and cracking as well as the influence of fiber content over stress distribution.
Model Building
The author has built the model elements for fiber and concrete separately and incorporated a spring element into the fiber-concrete model to examine the bond slip. The model of the concrete is built on "solid65", a special element offered by ANSYS. Besides, in order to increase the convergence rate, large deformation will not be taken into consideration, yet the stress softening following the fracture of the concrete will. "Pipe289" has been selected for the simulation of basalt fiber since it shows regard to stretching, bending, twisting and other circumstances. "Combin39" has been selected for the simulation of the bond slip between basalt fiber and the concrete, while the bond slip relationship will be fitted from the statistics obtained from the pull-out test.
The elastic modulus of the concrete has been set as 3.6×104MPa, with the equivalent Poisson's ratio being 0.2. The constitutive relation of the concrete at the plastic stage was calculated from the stress-strain curve for concrete under uniaxial stresses, as stated in Appendix C2 of the norms. The shear transfer coefficient of crack opening was set as 0.5, the shear transfer coefficient of crack closure was 0.9, uniaxial compression intensity was -1 and the crack softening coefficient was 1. In addition, the simulation showed no regard to the crushing of the concrete in order to increase the convergence rate, so the crush diagnosis function was turned off. According to the fiber performance test, the elastic modulus of basalt fiber was 100GPa and the Poisson's ratio was 0.2.
The author built the geometric models for three specimens (150mm×150mm×150mm cubes), which contained 50, 100 and 150 fibers respectively so that the author could study the influence of fiber content over the stress on the matrix. The cubic model was demonstrated in Figure 1 . Then the model underwent a grid scan and the fiber nodes were connected with equivalent concrete nodes by spring elements.
The bottom face of the cube was applied with a vertical constraint and the top face a plane load. The displacement loads were applied with gradual multiple load steps. The author then ran the calculation via a static analysis model, selected an automatic time step, turned off adaptive falling (since the simulation shows no regard to stress redistribution) and crush diagnosis, and obtained a relatively good convergence. Additionally, in order to increase the convergence rate, the convergence condition has been somehow raised, but normally it would not go above 5% (the default value is 0.5%). Figure 2 shows that at the beginning stage (the linear stage), the curves roughly overlap, but during the plastic stage (non-linear stage), the curve of the concrete containing fiber goes above the calculated curve and, after reaching the apex, the stress in the former curve goes down more quickly than the latter. The above-mentioned trend suggests that the fiber starts to share the stress right after the beginning of the plastic stage and, when the concrete has reached its intensity limit and there are a great number of cracks within the concrete, the fiber serves the function of joining the two parts of a crack and exerts an evident toughening effect. Besides, the comparison among the declining sections of the curves representing concrete with different fiber contents manifests that as the fiber content increases, the declining trend of the curve gradually decelerates, which indicates that the fiber's crack resistance intensifies with the increase of the fiber.
Calculation and Analysis of the Results

Analysis of the Stress-strain Curve
The author has compared the shear stress nephograms under different stresses to investigate the influence of fiber content on the shear distribution within the concrete. Figures 3, 4 and 5 are the shear stress nephograms of the models in X and Y directions, and the displacement distances are 0.139 mm, 0.278 mm and 0.417 mm respectively.
A comparison among the different models in Figure 4 shows that, when the displacement distance is 0.278 mm, there are signs of stress concentration along the edges of the concrete models, while this phenomenon is not noticeable in fiber concrete models, which testifies to the fiber's effect of dispersing the stress concentration. Figure 5 shows that, as the displacement distance increases, the area with stress concentration in the concrete models expands evidently, while the stress concentration area is comparatively smaller or even non-existent in the fiber concrete models, despite the fact that shear stresses sustained by these models are generally increasing-what's more, the larger the number of fiber is, the greater the dispersion effect would be. During the above-mentioned stress stages, the fiber's influence on shear stress concentration corresponds to its influence on the stress-strain curve. 
Summary
(1) At the linear, elastic stage, the matrix of the fiber concrete is sustaining a majority of the external force, while the fiber inside the concrete shares little of it; the fiber starts to share the stress on the matrix in the wake of plastic deformation and, as the deformation proceeds, the fiber shares more of the stress and exerts a greater toughening effect; after reaching the apex, the curve goes downwards and the fiber fully demonstrates its crack-resistance effect.
(2) The influence of fiber content over the stress-strain relationship becomes apparent during the nonlinear stage of the curve, i.e. as the fiber content increases, the ascending of the curve accelerates, the elastic modulus goes up continuously, and the crack-resistance effect of the fiber strengthens as well.
(3) During the elastic stage, the stress distribution within the concrete is even; during the plastic stage, there are signs of stress concentration and the fiber has a dispersion effect on the stress; as the stress concentration area expands steadily, the fiber's stress dispersion effect becomes more evident and the increase in fiber content also leads to the intensification of the effect.
